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INTRODUCTION
Increasing concerns for the safety and comfort of electricity supply have created a positive juncture for research and development of WPT techniques used by industrial devices, consumer electronics and electric vehicles (EVs). Traditional cables used in energy transfer have gone secondary due to permanent and accentuated emulation in the study of wireless energy transfer for the last 10 years, proposing to replace them for certain applications due to the immense advantage of mobility, as well as the safety in use that WPT offers. Also, the replacement of the power cables with batteries is not an optimal solution due to their short service life as well as the ecological footprint of hardware implementation that is reflected in high operational costs.
Recent advances have allowed the energy of electromagnetic waves to be wirelessly transferred from power supplies (transmitters) to consumers (receivers), using a technique called Wireless Power Transfer. However, there are two ways of using the transmission of energy without conductors through a combined system that provides in the first case the storage of energy for use in electrical appliances that require mobility and without energy storage, for devices that do not involve mobility issues in the second case.
As one of the most prominent technologies, WPT is changing the conventional use of energy in the daily life of the human being. New developments in WPT technology motivate new research pathways in different applications for which they have great potential, such as portable electronic devices [1] , medical instruments, medical implants [2] , inaccessible electronics [3] , heating [4] , electric vehicles (EV), stationary charging [5] , dynamic charging [6] , driving the engines on wheels [7] , wireless sensor network (WSNs), unmanned aerial vehicles (UAV), lighting, power supply security systems or multimedia systems [8] , remote loading of robots working in dangerous environments for humans [9] or various electrical devices used in the home environment. WPT has enjoyed considerable interest in many industrial applications or interdisciplinary areas [10] [11] [12] .
The research undertaken is based on the testing of the TEW LKCH-TXRX40W-EVB system [13] produced by Semtech Corporation [14] in order to identify the mode and the operating parameters.
The purpose of product testing is the comparison and interpretation of experimental and theoretical results based on calculations, the realization of a graphical and schematic concept of the wireless power transfer system, the realization of measurements and data acquisitions for the transfer of wireless energy for different types of consumers and the interpretation of experimental and theoretical results.
The result of the research based on the scientific methods mentioned above will materialize in the development of a system designed for use in the field of constructions so that it represents the elimination of the barriers in the power supply of the autonomous devices or in order to reduce the need of used materials as well as the costly operations represented of classical power supply (with wires).
BLOCK DIAGRAM AND DESCRIPTION OF THE FUNCTIONAL SYSTEM
The TEW LKCH-TXRX40W-EVB system includes a transmitter and a receiver. The tested module offers a complete system solution and is compatible with power transmission standards (WPC) or Qi standards, making this transmitter an ideal platform for powering most of the wireless receivers used today.
The TSDMTX-24V3-EVM transmitter is a platform for testing wireless charging solutions based on the Semtech TS80003 power transmitter controller, TSET002 FET driver, TS30041 DC/DC converter and TS94033 power amplifier.
While the system can charge up to 40W, it is also compatible with low power (5W) devices that allow fast charge levels. The characteristics of the TEW system are the following: The block diagram of the TEW system is shown in Figures  1 and 2 . Figure 1 shows the wireless power transmission module (TSDMTX-24V3-EVM) and Figure 2 shows the representation of the wireless energy receiving module (TSDMRX-19V/40W-EVM). The TSDMRX-19V/40W-EVM can be divided into several sub-blocks as shown in the diagram in Figure 2 . The component blocks are:
• TDK Receiver Coil WT505090-20K2-A10-G;
• Buck converter TS30041, which adjusts the received voltage to a value of 5V DC; • WPT controller -based on the TS80003 integrated circuit containing I/O communication ports: USB, I2C, temperature sensor, LED display; • FET driver TS61002 H (Full Bridge) which actuates the FETs based on the signals from the controller; • FET rectifier bridge that converts AC to DC;
• Internal converter SC508 which converts the rectified voltage to a value of 19 V, for a power of 40 W and includes protection circuits;
The receiver can also be configured by canceling SC508 to allow the application of the power received directly to the load or the battery (Figure 3 ). 
EXPERIMENTAL CONFIGURATION
TSDMTX-24V3-EVM is easy to configure and use. I used the power module and the line cable that comes with the EVM kit for EVM power supply through "J2", the 24V input jack. The acceptable input voltage range is from 22V to 26V. Once the input power is supplied, the green LED should light for about half a second and then turn off. Now, EVM is ready to transmit wireless power. Several times per second, the transmitter emits a "ping" of energy in search of a receiver according to the range.
ISSN 2286-2455
Then, when the receiver is placed between 5 mm to 10 mm distance from the transmitter, the receiver is feed with energy during the "ping" phase so that it can be sensed sufficiently time by the transmitter in order the process of transmitting energy to be started. The transmitter provides for a short period of time power to the receiver to enable it to supply its power requirements. At the conclusion of the negotiation, the transmitter begins to supply the requested power, indicated by a flashing green LED. During the energy transfer, the receiver communicates continuously with the transmitter, actively directing the process. In this way the power transmission is ensured if it is requested by a receiver available and compatible with the transmitter. If necessary, a receiver can actively increase or reduce the supply demand, and the transmitter will act accordingly.
As such, equipment with complex charging requirements can be accurately accepted and only the desired amount of power is assured.
Once the charging is complete, the LED stops flashing and stays lit. If any error is detected, the red LED is lit, and the power output is switched off. To restart, the receiver must be removed from the range (5-10mm) from the transmitter and placed back in the target area to begin a new wireless power transmission process.
THE DESCRIPTION OF OPERATION

Testing standardized products
Any product that meets the Qi standard can be placed within the optimum distance range from the TEW TSDMTX-24V3-EVM transmission module.
The transmitter operates as described in the section above, and the receiving device indicate the functionality of wireless power reception. It has been performed the test for detecting foreign objects (FOD) by following the steps in the "FOD Testing" section below.
FOD testing
In a WPT device, FOD (foreign object detection) is an important feature in that the transmission process is constantly checked for the presence of foreign objects in the target area. These could absorb the transmitted energy and lead to exceeding the heat range for which the system was designed. When the foreign target is detected, the TS80003 stops the power transmission as a safety precaution and indicates the detected problem by flashing the red status LED.
However, this process can be disabled in the WPT receiver, to allow engineers to test different antennas and make other hardware changes without triggering FOD protocols and complicating the testing process.
When such hardware changes are made, the parameters of the feedback measurements change, because the FOD protocol would perceive it as a foreign object in the field and cause the system to shut down.
To test the FOD protocol, any WPC 1.2 certified Qi product can be used as a receiver. A list of such products can be found at: https://www.wirelesspowerconsortium.com/products/?bra nd_name=&product_name=&type_number=&product_ty pe%2520=%25202%2520&%2520compliant_automotive %2520=%2520&%2520sort%2520=%2520&%2520dire ctie%2520=%2520asc [15] .
With FOD off, the metal object in the field will absorb some of the transmitted energy and become hot. Using a FOD-enabled device the power transmission will be canceled when any significant interference in the energy transfer has been detected.
Once the foreign object that absorbs energy is identified, the transaction is completed, as indicated by a flashing red LED. To restart the power transmission, the receiver must be removed from the target area and a new negotiation initiated. If the foreign object is still present, the negotiation will fail again and continue to do so until the foreign object is removed from the target area.
Testing the WPT system
The tests can be performed using a WPT receiver module. You can also use phones that include WPC wireless charging features, such as the Samsung S6-S10 or Apple Iphone 8-11, to test the TSDMTX-24V3-EVM.
To use TSDMRX-19V / 40W-EVM as the target receiver, simply place the receiver over the target circle on the transmitter module. The green LEDs will light, indicating the negotiation between the two modules.
Several possible options can be selected. The optimal task to select would be a continuous programmable task. It can easily adjust a certain power, which makes the system very flexible and easy to use. If not available, a resistor unit may be used to simulate a range of loading conditions. Finally, any device that uses a 24-volt input up to 60 watts can be used as a desired test load.
Whatever load is selected, the conductors connect from the VOUT + and GND pins of the TEW receiver to the ISSN 2286-2455 selected test load. After adding the load, the TEW receiver can be used to perform a variety of tests. Alternatively, the power can be extracted from the USB port's VBUS and GND lines.
Connect a DC voltmeter on the VOUT + and GND pins to monitor the voltage emitted at load, and a DC ammeter in series with the VOUT + line. To allow reading the data, the two measuring devices adjust up to 24 volts and 3 amps.
Without any connected load, by placing the receiver in the center of the transmitter target circle, once the transmission starts, the values of 24 volts and 0 amps are read.
By applying a variety of tasks one can observe the performance at levels of 5, 10 and 15 watts. The voltage should remain almost constant, and the current should follow the relationship U = V x I. It can be experienced with maximum power that can be extracted before the receiver detects an overload and interrupts the power. In a short-term overload, the receiver will try to restore power by intermittently charging. In the event of a major overload, the transmitter may record an error, as indicated by a red LED on them so that it will stop further activity until the receiver is removed from the target area for several seconds before being placed again for to start a new transfer.
The red and green LEDs on the TEW module inform the user that the transmitter is operating. As shown in the diagram below, Figure 5 , when the power is applied, the transmitter is initialized as indicated by the green LED on for about half a second. Then, as the transmitter searches for a receiver nearby, no LED is lit, keeping the power to a minimum level in this standby state. When a receiver is located, the transmitter receives instructions on the transfer to follow. The power is then transmitted and the green LED flashes every second indicating a charging event is in progress.
Figure 5. Functional diagram of the LEDs of the WPT system
During transfer, if a foreign object is detected, the charge is canceled, and the red LED will blink every second indicating the detected defect and will continue to do so until the receiver is removed from the target area. Similarly, any other error detected will cancel the charging process, indicated by a constant red LED, which remains lit until the receiver is removed. The error conditions include communication errors between receiver and transmitter and detection of excess voltage, current, power or temperature on the receiver or transmitter. In the absence of an error, charging continues until the receiver indicates that no other power is required, usually when an attached battery is fully recharged. At this point, the transmitter enters full charge state, as indicated by the constantly lit green LED, which continues to do so until the receiver is removed from the transmitter. Whenever the receiver is removed from the target area, the transmitter returns to the standby state, searching for another receiver.
Coil signal analysis with oscilloscope
In order to visualize how the receiver and transmitter actively manage the wireless powering process, a process managed entirely by the Semtech TS80003 wireless controller, the following experimental procedure is detailed.
To observe the intrinsic wireless process, an oscilloscope is connected on one end of the antenna / coil, with the null one connected to the null of the TEW board (one of the fixing screws will suffice). The scope can handle signals up to 250 volts. While the WPT power supply is only 19 volts, the antenna is part of a resonant circuit in which there is considerably higher voltage.
To comply with the search ping, apply power to the transmitter and remove the receiver from the target area. The scope should display a signal of 0.5 to 1ms with an initial peak of 15 to 20 volts. The signal frequency is in the range 100-205 kHz, which is the normal range of Qi systems. Then, the receiver is placed on the target of the transmitter. With the setting from 0.5µs to 1µs and 10 to 20 volts per division, a signal is observed which is a compound of the sinusoidal power signal with a ridge in the sine wave produced by the communication between the receiver and the transmitter. The variation of the load and the location of the receiver on the target changes the amplitude and frequency of the coil signal. The higher the load, the more the signal is transmitted to transfer the power required by the load. Similarly, the less the receiver antenna is coupled to the transmitter coil, the more power it must send to compensate for misalignment. You can see voltages close to 140 volts from peak to peak in the most demanding conditions.
Thermal analysis of electronic modules
The WPT system was tested at an ambient temperature of 26.5 o C. The thermal imaging device used was FLUKE TIS10.
In Figures 6a and 6b are the thermal images captured using TSDMRX-19V20W-EVM for a power of 20W. Thus, in figure 6a, for the WPT receiver, the maximum temperature is reached at 60. 
Testing the TSDMRX-19V/40W-EVM receiver module used to charge the batteries
A variety of tests can be carried out with the TSDMTX 24V3-EVM transmitter module. By connecting a 24V source capable of delivering more than 50W power at the transmitter input using a 3.5mm OD coaxial power connector, when the power is applied, the green LED should light up, indicating that the module is now active. To use the TSDMRX-19V/40W-EVM as the target receiver, it is placed over the target circle ("primary coil" or "transmitter antenna") on the transmitter's EVM module, then a battery is connected to the receiver's J4.
A DC voltmeter is connected between the VOUT and PGND pins to monitor voltage and a DC current ammeter in series with line J4 to monitor the load current. The measuring devices are configured for 20 volts and 2.5 amps.
The LED of the receiver must be green when the receiver is placed on the active transmitter. This indicates that the output voltage is normal.
The programmed DC load current can be set with an R43 resistor that connects the Ilim pin to the switching node of the converter. Its value influences the output current causing the switching cycle to end when the Ivalley of the inductor reaches a predetermined level. Ivalley can be calculated by relation 1:
where:
• Rdson represents mosfet resistance;
• Rpwb is module resistance between sensors and mosfet; • Ilim is 10 µA; • Rlim is resistance R43.
The load current is the average of the current in the inductor. The difference between the average current and the valley current is ½ of the ripple current from the inductor. The current ripple of the inductor can be calculated by relation 2:
• D is the converter cycle defined as D = Vout / Vpdc; • Vpdc is configured to be 30V; • Vout is the output voltage of the open circuit of the receiver; • Fsw is the switching frequency of the converter.
It is programmed to be 500kHz; • L is the inductor of the output coil of the converter. It has a value of 22µH.
Thus, the charging current of the receiver is calculated by relation 3: 
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Through the research and experiments carried out in this article, I have identified a modern wireless power transmission solution for use in a variety of applications.
Thus, the applicability of the system presented for a wide range of powers, on the other hand, proves the implementation of a rigorous system of protection for the user and the system, as well as the integration of the data communications needed both to optimize the transfer and to comply with these safety rules.
Wireless power transmission systems can be easily integrated into modern electrical appliances because there are various design solutions as well as reliable materials in their construction.
The tests performed have shown the reliability, efficiency and ergonomics of the use of WPT systems, which, together with management and control solutions, can lead to the autonomy of the systems in which they are integrated. Also, WPT systems can be easily integrated with renewable energy production systems in order to extend the growing need for energy in remote locations and with poorly developed energy transport infrastructure.
The purpose of the research in this report was to identify a WPT solution for designing an innovative system for use in constructions as well as for electric appliances whose range of action is limited using conductors.
